Motivation is an important factor in modern education and it is claimed that a high level of motivation is a prerequisite for success. Augmented reality (AR) technologies are creating a new kind of user experience (UX) able to increase students' interest and engagement in the learning process. This study is one of the few attempts to investigate the role of perceived enjoyment in the students' acceptance of an augmented reality teaching platform (ARTP). Our model captures both extrinsic (perceived usefulness and ease of use) and intrinsic (perceived enjoyment) motivators so that students's intention to use a new learning environment may be explained.. The model was tested by employing structural equation modelling. The results showed that perceived usefulness and perceived enjoyment have a significant impact on the behavioural intention to use ARTP, while perceived ease of use is not a significant direct antecedent. The perceived enjoyment has been proved to be the key influencing factor of intention to use the ARTP.
Introduction
This work reports on a technology acceptance study of an AR-based teaching platform which was developed in the framework of the ARiSE (Augmented Reality for School Environments) research project. The main objective of this project was to test the pedagogical effectiveness of introducing augmented reality teaching platforms in primary and secondary schools. ARTP is featuring a desktop AR technology (Wind et al, 2007 ) that creates a new kind of user experience by bringing real life objects into a computing environment. In our study, ARTP has both a pragmatic and hedonic character. On the one hand, it should be easy to use and useful for learning. On the other hand, it should provide with an enjoyable learning experience. An important research goal was to investigate the extent to which this learning environment is enhancing the students' motivation to learn. To address the project's objectives, we developed a usability questionnaire as a measurement model that goes beyond the traditional usability evaluation approaches, by targeting the educational and motivational value of the ARTP.
User experience is an emerging research topic in the area of HCI so there is neither a consensus on its definition nor a mature methodology for evaluation (Law et al., 2009 ). Several approaches are taking a holistic view by including both pragmatic and hedonic aspects in order to enrich the existing quality models (Hassenzahl & Tractinsky, 2006) . For Cockton (2006) , UX evaluation is useful in the context of some intended value. Roto (2006) analysed UX as an integrating umbrella that includes worth-centred design, usability, hedonic aspects and acceptance. These approaches suggest that the evaluation of interactive systems should go beyond pragmatic or hedonic aspects measured in isolation and investigate the user acceptance in order to understand the various factors that influence the intention to use. By incorporating user experience constructs, a technology acceptance model could bring useful insights on the causal relations between UX and other factors that are influencing the behavioural intention to use. Of particular interest for the area of educational systems is the relationship between hedonic and pragmatic aspects which are underlying the motivational and educational value of a given e-learning technology.
A well-known model aiming to explain and predict technology acceptance is TAM (Technology Acceptance Model), developed and validated by Davis (1989) , and Davis et al. (1989) . The TAM model posits that two beliefs, perceived ease of use and perceived usefulness, determine one's behavioural intention to use a technology. In a later study, Davis et al. (1992) introduced perceived enjoyment in the model as an intrinsic motivation and defined perceived usefulness as an extrinsic motivation. Perceived enjoyment was defined as "the extent to which the activity of using the computer is perceived to be enjoyable in its own right, apart from any performance consequences that may be anticipated" (Davis et al., 1992) . On this basis, perceived enjoyment is a form of intrinsic motivation and emphasizes on the pleasure and inherent satisfaction derivated from the specific activity. They found that the perceived usefulness had a large significant effect on the intention to adopt a technology and its influence was complemented by the perceived enjoyment. The purpose of this paper is twofold: (a) to evaluate the validity of the measurement model and (b) to explore the causal relationships between the factors influencing the user acceptance of the ARTP. The rest of this paper is organized as follows. In the next section we will describe the research model and hypotheses. The methodological framework is briefly presented in section 3. The results of the measurement model evaluation and the structural model testing are presented in section 4. The paper ends with discussion, conclusion and limitations in section 5.
Research Model and Hypotheses
We hypothesized that the intention to use ARTP in schools is influenced both by extrinsic motivational factors (Perceived Ease of Use and Perceived Usefulness), and intrinsic motivational factors (Perceived Enjoyment). In addition, the extrinsic and intrinsic motivational factors are influenced, both directly and indirectly, by the ergonomics of the ARTP. In this study, the intention to use is a practical approximate measure of acceptance and of actual use. Because all students possess no experience in using augmented reality technology, it is deemed more accurate to measure students' intention rather than their actual use. The proposed research model is illustrated in Figure 1 . The relationships between factors are labelled with the number of the corresponding hypothesis. The specific elements of the model and related hypotheses are further detailed below. Although some specific AR accessories and /or devices may be less easy to use than other devices (e.g. mouse), they may provide greater intrinsic motivation to learners, as their novelty and versatility will result in an element of interest and pleasure associated with their usage. Therefore, we propose the following hypotheses:
Hypothesis 1a. Ergonomics of the AR platform has a positive effect on perceived ease of use.
Hypothesis 1b. Ergonomics of the AR platform has a positive effect on perceived enjoyment.
Perceived ease of use (PEOU) has been theorized and empirically validated as either an antecedent or a consequence of perceived enjoyment (PE): PEOU  PE, and PE  PEOU, respectively. PE is a typical UX factor that is contributing to the overall technology acceptance. In their research, Sun & Zhang (2006) showed that "an examination of previous literature reveals that both causal directions between PE and PEOU have been proposed and confirmed". Many researchers suggested that the type of the system (utilitarian or hedonic) and the nature of tasks should be considered in proposing the causal direction between PEOU and PE (Heijden, 2004; Sun & Zhang, 2006; Chesney, 2006; Venkatesh, 2000) . PEOU refers to the ease of use of a particular learning application implemented onto ARTP. Therefore, we propose the causal direction from PEOU to PE: Hypothesis 2a. Perceived ease of use has a positive effect on perceived enjoyment.
The influence of perceived ease of use on perceived usefulness in TAM research has been empirically confirmed in literature (Venkatesh, 2000) . Also, there is extensive empirical evidence that perceived ease of use is significantly linked to intention to use, both directly and indirectly via its impact on perceived usefulness (see Sun & Zhang, 2006 for a review). In this study, perceived ease of use is a determinant of perceived usefulness because, assuming other things being equal, students consider ARTP more useful when it is more free-effort. Furthermore, if ARTP is perceived to be easy to use, then the students are more likely to have a higher degree of intention to use it. For this, the following hypotheses are stated: Hypothesis 2b. Perceived ease of use has a positive effect on intention to use.
Hypothesis 2c.
Perceived ease of use has a positive effect on perceived usefulness.
In this study, perceived enjoyment was postulated as an intrinsic motivator for using ARTP and is targeting various aspects that create an enjoyable learning experience: interesting way of learning, captivating exercises, attractive technology, and real objects manipulation, funny and exciting way of learning. An intrinsic motivation variable such as perceived enjoyment is supposed to lead to enhanced perceptions of extrinsic motivation such as perceived usefulness. People with a favourable perception of the enjoyment of a system are more likely to perceive it useful (Sun & Zhang, 2008) . Other studies showed that enjoyment had a positive effect on the usefulness in the user acceptance of various systems and technologies: e-learning systems (Yi & Hwang, 2003) , search engines (Liaw & Huang, 2003) , instant messaging (Li et al., 2005) . Thus, we hypothesize that: Hypothesis 3a. Perceived enjoyment has a positive effect on perceived usefulness.
It has been proposed that perceived enjoyment is able to significantly influence the intention to use. The rationale is that individuals who experience pleasure or enjoyment from using a system are more likely to form an intention to use it than others (Davis et. al., 1992 Perceived usefulness has been confirmed in numerous previous studies to be a robust determinant of intention to use (e.g., Venkatesh, 2000; Sun & Zhang, 2006) . Almost all of the prior studies tested the effect of perceived usefulness on the intention to use. The perceived usefulness explains the educational value of ARTP. This is an extrinsic motivation of using ARTP for e-learning which is targeting specific pedagogical aspects, such as faster understanding, support for learning and usefulness for the learning process. Thus: Hypothesis 4. Perceived usefulness has a positive effect on intention to use.
Research Methods

Equipment, participants and tasks
ARTP is a "seated" AR environment: users are looking to a see-through screen where virtual images are superimposed over the perceived image of a real object placed on the table (Wind & Bogen, 2007) . Two AR-based learning scenarios were implemented on this platform. The test was conducted on the ICI's platform which is equipped with 4 AR modules. A total number of 139 students (13-14 years old), from which 65 boys and 74 girls tested the platform. All were 8 th grade students and they were enrolled in 3 general schools in Bucharest. None of them was familiar with the AR technology. The students came in groups of 7-8, accompanied by a teacher.
Each student tested the platform twice: once for the Biology scenario and second time for the Chemistry scenario. Each scenario consists of a demo lesson and a number of exercises. After testing, the students were asked to answer the questionnaire. In order to ascertain the representativeness of the data, we analyzed responses from the first data set (Biology scenario) and then compared the results with the second data set (Chemistry scenario). A simple paired sample t-test analysis showed that there was no significant difference (p>0.05) between the two sets of data on the variable utilized in this study. These results suggested that it was appropriate to combine the two data sets. The steps (1) and (2) are related to the development of the measurement model which was described in more detail in a previous paper (Balog & Pribeanu, 2009 ). In the step (1), the instrument development was carried on in a methodological framework for scales development and validation which is grounded on the Churchill (1979) paradigm. In the step (2), exploratory study, the data were gathered by means of a questionnaire. The questionnaire consisted of 28 items measuring the five constructs (Appendix 1). A five-point Likert scale ranging from (1) "strongly disagree" to (5) "strongly agree" was used.
Methodology
In total, 278 responses were gathered and used for analysis. In order to comply with the (Balog & Pribeanu, 2009 ). Data processing resulted in a substantial improvement of normality criteria by a successive elimination of 24 observations with univariate and multivariate outliers. The final sample (N=254) had a moderated deviation from normality and was further used in our study.
Figure 2. Steps and methods used
The focus of this paper is the evaluation of the measurement properties through Confirmatory Factor Analysis (CFA), the step (3), and the testing of the structural model using Structural Equation Modelling (SEM) approach, the step (4). The five-factor solution generated by exploratory factor analysis (Balog & Pribeanu, 2009 ) was used as an initial model consisting of 5 latent constructs predicted by 19 indicators. The covariance matrix from the specified measurement model was input into AMOS 16.0 (Arbuckle, 2007) . A two-step approach was used, based on Anderson & Gerbing (1988) . First, the measurement model was evaluated using confirmatory factor analysis to test the overall fit of the model, as well as its validity and reliability. Second, the hypotheses were analyzed with the structural model. SEM estimation procedure was maximum likelihood estimation. The fit indices for the initial model point to conflicting conclusions about the extent to which this model actually matches the observed data ( Table 1 ). The p-value of the Chi-square ( 2 =231.825, df=142) was 0.000, and it was statistically significant. A significant  2 suggests the model does not fit the sample data. In contrast, a non-significant  2 is indicative of a model that fits the data well (Byrne, 2001 Table 2 . An examination of item reliability (R 2 ) revealed that three items (i.e., ERG5, PEOU2, and PE4) did not meet the 0.50 criterion (Koufteros, 2001 ). Due to the fact that ERG5, PEOU2, and PE4 are very important items for explaining usability and intention to use of ARTP, none of them was eliminated. Standardized loading for all variables in each construct are in the range 0,695 (PEOU2) -0,844 (INT3), i.e. over the minimum recommended level of 0.60 (Hair et al., 2006) . Table 2 shows that the loadings are statistically significant, each item exceeds the critical ratio (t>1.96) at the 0.001 level of significance.
Results
Measurement model
As shown in Table 2 , the composite reliability (CR) of each construct is above the minimum recommended level of 0.70 (Fornell & Larcker, 1981) , ranging from 0.748 for ERG (Ergonomics of the AR platform) to 0.884 for PEOU (Perceived Ease of Use). The values of average variance extracted (AVE) are all above the minimum recommended level of 0.50 (Fornell & Larcker, 1981) , ranging from 0.550 for PE (Perceived Enjoyment) to 0.679 for INT (Intention to Use). Among the AVEs of the constructs, intention to use had the highest value of 0.679, indicating that 67.9% of the variance in the specified indicators was accounted for by the construct.
Discriminant validity was evaluated with the test of squared correlations recommended by Anderson & Gerbing (1981) : the squared correlation between two constructs should be smaller than the estimation of the AVE of each construct. Table 3 shows the squared correlation of each pair of constructs and the AVE measures. The numbers of the off-diagonal represent squared correlations between the constructs.
The numbers of the diagonal (bold) are the AVEs by each construct. The AVEs for all constructs displayed on a diagonal (in bold) exceeded 0.50 as recommended by Fornell & Larcker (1981) . Next, all squared correlations between two constructs (off-diagonal elements) were found to be smaller than the average variance extracted measures of both constructs. As a result, each construct shared more variance with its items than it shared with other constructs, thereby fully satisfying the requirements for discriminant validity.
Structural model testing
Structural equation modelling (SEM) was performed to test the fit between the research model and the obtained data. This technique is chosen for its ability to examine a series of dependence relationships simultaneously, especially where there are direct and indirect effects among constructs within model. The structural model relates the constructs to one another. The path significance of each hypothesized association in the structural model and the variance explained (R 2 ) by each path are examined. Fig. 3 shows the standardized path coefficients, and the coefficients of determination (R 2 ) for each endogenous construct. The same fit indices considered for the confirmatory factor analysis were employed for the structural model testing. The Chisquare value of 163,715 (df=112) is significant at p<0.001. However, the result of the  2 /df value is within the recommended  2 /df<2. Given the known problem of the chi square test in SEM (Byrne, 2001) 20) . ERG explained 54% of the variance contained in PEOU. ERG and PEOU had a significantly positive effect on PE by explaining 37% of the variance. PEOU and PE together explained 47% of the variance in perceived usefulness. However, the perceived enjoyment contributed more to the perceived usefulness than the perceived ease of use.
Discussion and Conclusion
Outcomes
The study's findings add further evidence for the adaptability and applicability of TAM in explaining behaviour, in this case, students' intention to use of ICT in learning. Furthermore, the significance of perceived usefulness shows that TAM can be successfully applied, even when the behaviour in question is not one of pure system usage. From a substantive point of view, we examined how extrinsic and intrinsic motivational factors related to an augmented reality teaching platform can influence the student behaviour, specifically, the intention to use it. Our results show that both perceived enjoyment (an intrinsic motivational factor) and perceived usefulness (an extrinsic motivational factor) are important.
This study found that PE is a stronger determinant of PU than PEOU (β=0.43, and β=0.35, respectively), suggesting that an enjoyable learning experience is increasing the usefulness of the ARTP. Also, the influence of PE was slightly higher than that of PU on INT (β= 0.26, and β= 0.24, respectively). Thus, PE can be as important as, if not more important than, PU in determining the behavioural intention to use ARTP. This finding is consistent with several prior studies (e.g., Heijden, 2004).
From the point of view of measuring the contribution of UX-related factor, this research confirms the robustness of PE in influencing PU and intention to use. PE has a direct impact on the intention to use in addition to an indirect impact via the PU. As regarding the variables which are UX specific, the structural model includes: interesting learning, captivating exercises, enjoyable learning, and exciting system. These are key qualities that are shaping a user learning experience.
The strong positive relationship from ERG to PE (β= 0.41) and the positive relationship from PEOU to PE (β= 0.26) implies that both the ergonomics and ease of use are influencing the user experience. Therefore, developing an AR platform that is easy to use is a prerequisite for an enjoyable learning experience. This finding is consistent to several similar studies (e.g., Ha et al., 2007) . The results also show that PEOU positively influences PU. This result is widely accepted because these two constructs were viewed as predictors of intention to use of information systems or innovative products (Wu &Wang, 2005; Bruner et al., 2005) . Contrary to our expectations, the effect of PEOU on intention to use was found non-significantly (=0.07, t value=0.42, n.s.), indicating that this relationship is fully mediated by PE and PU. However, PEOU has indirect effects, through PE and PU, on the intention to use.
An important result of this research is a validated model that is targeting several evaluation dimensions for a desktop AR learning platform. The measurement model was confirmed with adequate convergent and discriminant validity with respect to the measurement of the constructs in the research model. This model could be further used to carry on a user centred formative evaluation of various learning scenarios thus providing the developers with a fast feedback on usability, usefulness and user experience. This is important for the deployment of desktop AR technologies in schools where UX is not evaluated in isolation but as a key factor to enhance the motivational value of elearning systems.
Limitations and future research
There are some inherent limitations in our study. First, the sample used in this study targeted students chosen only from three schools. Analytical results presented may therefore have limited generalisability. Second, the structural model demonstrated a good fit with the data, although the amount of variance explained by the model in intention to use is only 20%. This shows that other factors excluded in the model also affected ARTP intention to use. This value is acceptable for at least three reasons: the novelty of the platform (there are neither specific usability questionnaires nor similar acceptance models available), the target user population (young and not happy to answer a long questionnaire), and the mixed character of the e-learning system (utilitarian and hedonic). Therefore, we suggest that further research should incorporate other variables into the model. Third, about 55% of the respondents were girls in this empirical study. Much evidence has shown that gender differences can cause discrepancies in the effects of perceived ease of use and perceived usefulness on intention to use (Ong & Lai, 2006) . Accordingly, further research may be needed to examine the moderating effect of gender difference on a student's behaviour intention. Finally, since the sample was collected in Romania, generalisability to other countries might be limited due to cultural differences.
